Studies on the metabolism and the detectability of 4-methyl-amphetamine and its isomers 2-methyl-amphetamine and 3-methyl-amphetamine in rat urine using GC-MS and LC-(high-resolution)-MSn.
4-Methyl-amphetamine (1-(4-methylphenyl)propane-2-amine; 4-MA) and its isomers 2-methyl-amphetamine (2-MA) and 3-methyl-amphetamine (3-MA) belong to the group of amphetamine-type stimulants and of new psychoactive substances. Several studies showed similar potencies in releasing noradrenalin and dopamine, but higher potencies in releasing serotonin than amphetamine. In March 2013, the EU Council decided on an EU-wide control based on the European Monitoring Centre for Drugs and Drug Addiction risk assessment report documenting that 4-MA was sold as amphetamine on the illicit market and detected in several fatal cases. Therefore, 4-MA and its isomers should be covered by drug testing in clinical and forensic toxicology. The aims of the presented work were to study the metabolism and detectability of each isomer in urine samples. For metabolism studies, rat urine samples were isolated by solid-phase extraction without and after enzymatic cleavage of conjugates. The phase I metabolites were separated and identified after acetylation by gas chromatography-mass spectrometry (GC-MS) and/or liquid chromatography-high resolution-linear ion trap mass spectrometry (LC-HR-MS(n)) and the phase II metabolites by LC-HR-MS(n). From the identified phase I and II metabolites, the following main metabolic pathways were deduced: aromatic hydroxylation, hydroxylation of the phenylmethyl group followed by oxidation to the corresponding carboxylic acid, hydroxylation of the side chain, and glucuronidation and/or sulfation of the hydroxy and carboxy groups. CYP2D6 was involved in the aromatic hydroxylation. Finally, the intake of a commonly used dose of the MAs could be confirmed in rat urine using the authors' GC-MS and the LC-MS(n) standard urine screening approaches. Differentiation of the isomers to confirm the intake of a specific isomer was possible with an additional workup in rat urine.